Effects of ethanol and acetaldehyde on the release of arginine-vasopressin (AVP) and oxytocin (OXT) were examined using a superfusion system of the isolated hypothalamo-hypophyseal complex of rats. The release of both hormones was significantly suppressed by exposing the tissue samples to Eagle MEM medium containing 1.75 and 2.5% ethanol (the maximal suppression: AVP, 30% and 70%; OXT, 30% and 70%, respectively). However, perfusion with medium containing 3.75 and 5.0% ethanol enhanced the release of OXT during exposure to ethanoi (the maximal increase, 1,000%) and the release of AVP was increased markedly just after exposure to ethanol was stopped (the maximal increase, 800%). Perfusion with medium containing 50, 100 and 250 pM acetaldehyde did not affect the release.
Arginine-vasopressin (AVP) has been known to regulate water balance in animals (antidiuretic action) and oxytocin (OXT) to contract the uterus (oxytocic action). These posterior pituitary hormones are synthesized in magnocells of the hypothalamus, transported to the posterior pituitary and released there into the systemic circulation to reach the target organs. On the other hand, it has been well known that alcoholic beverages have a diuretic action (Rubini et al., 1955) and the time of delivery tends to be prolonged in pregnant alcoholics (Fuchs, 1966) . Therefore, alcohol is supposed to suppress the release of AVP and OXT. Indeed, the AVP level in plasma has been proven to be lowered by the intake of alcohol (Noto et al., 1980; Eisenhofer and Johnson, 1982) and sucking induced uterine movement of women in confinement is also shown to be strongly suppressed by alcohol (Fuchs, 1963) . However, it has not yet been shown whether alcohol directly affects the release of AVP and OXT or not.
This paper reports the effects of ethanol and acetaldehyde on the release of AVP and OXT from the isolated hypothalamohypophyseal complex of rats perfused by Eagle MEM solution.
Materials and Methods

Chemicals
AVP (grade VI, 100IU/ml) and OXT (grade III, 200IU/ml) were purchased from Sigma Chemicals Co. Acetaldehyde and Na125I were obtained from E. Merck A. G. and New England Nuclear, respectively. The other reagents used in the experiments were commercially available.
Preparation of the hypothalamo-hypophyseal complex of a rat Male Wistar rats weighing about 200g were used for preparation of the hypothalamo-hypophyseal complex (HHC).
A rat was sacrificed at 10: 00a.m. by decapitation and HIIC was isolated from the brain by the caudal approach. The sella turcica was quickly incised and then the pituitary and its stalk were carefully removed under an Olympus dissection microscope.
A triangular tissue block of the ventral hypothalamus was made by dissecting the rostral side of the optic chiasma, both lateral sides of the hypothalamic sulci and the rostral side of the mamillary body, and then removed carefully with the pituitary by undercutting at a depth of 1.5mm. This preparation weighed about 50mg and contained the intact supraoptic nuclei with their axonal projections extending through the median eminence and terminating in the neural lobe of the pituitary. In addition, the preparation included the suprachiasmatic, arcuate, ventromedial and preoptic nuclei. Statistical analysis P values for the difference in the concentrations of AVP and OXT between the test points and mean values during the first 50min were estimated by application of Student's t-test.
Results
Effects of potassium ion, high osmotic pressure and acetylcholine on the release of AVP and OXT Table 1 shows the release of AVP and OXT from the isolated HHC for successive 10min intervals over a period of 150min, after pre-perfusion for 150min. The amounts of release of the hormones for 10min intervals were relatively constant for 150min althongh the values were different from one HHC sample to another. Therefore, the release of the hormones for successive 10 min intervals from the HHC samples was expressed as a percentage of the mean value for the amounts for 10min intervals during the first 50min. Fig. 1a shows the effect of high K+ medium on the release of AVP and OXT. The high K+ medium was prepared by adding KCl to Eagle MEM (a final concentration of KCl; 56mM) and its osmolality was adjusted to 310 mosmol/kg by reducing the concentration of NaCl from the medium. Stimulation with high K+ markedly increased the release of both hormones (the maximal increases: AVP, about 400% and OXT, about 600%). The increase dropped to the basal level 30min after the stimulus was removed. Fig. 1b shows the effect of high osmotic pressure on the release of AVP and OXT. The high osmolality medium was prepared by adding NaCl to Eagle MEM (a final concentration of NaCl; 131mM), and its osmolality was 310 mosmol/kg. The increase in osmolality from 290 to 310 mosmol/kg significantly enhanced the release of AVP and OXT (the maximal increases were about 250% and 100%, respectively). Fig. 1c shows the effect of acetylcholine on the release of AVP and OXT. More than a 200% increase in the release of AVP was observed in the perfusion of Eagle MEM medium containing 10-4M acetylcholine. However, the release of OXT was not affected by this stimulation.
Effect of ethanol on the release of AVP and OXT Fig. 2a shows the effect of the various concentrations of ethanol on the release of AVP and OXT from the HHC samples. Eagle MEM medium containing 1% ethanol did not significantly influence the release of both hormones.
By exposing the HHC samples to the medium containing 1.75 or 2.5% ethanol, the release of both hormones was significantly suppressed, and the maximal suppressions for 1.75 and 2.5% ethanol were about 30 and 70%, respectively. However, the perfusion of the medium containing 3.75 or 5% ethanol markedly enhanced the release of OXT during the exposure to ethanol (the maximal increases: 3.75% ethanol, about 400%; 5% ethanol, about 1,000%). On the other hand, the release of AVP did not increase during the ethanol perfusion but increased rapidly just after the exposure to ethanol was stopped (the maximal increases: 3.75% ethanol, about 400%; 5% ethanol, about 800%). The increase dropped rapidly and the release of both hormones became stable at the basal levels until 200min. To confirm preservation of the response to the stimulation of the HHC after removal of the exposure to ethanol, the tissue sample was further perfused with the high K+ medium from 160 to 200min. A marked increase in the release of both hormones was again observed during the high K+ stimulation (the maximal increases: AVP, about 400%; OXT, about 600%). samples under the experimental conditions.
Discussion
In order to clarify mechanisms of release of the posterior pituitary hormones, many investigations have been performed using in vivo experimental systems.
Recenly culture systems of HHC were established and proved to be useful in the study of release mechanisms and biosynthesis of AVP (Pearson et al, 1974; Sladek and Knigge, 1977) . In the present investigation we developed a physiologically responsive superfusion system of rat HHC and proved a remarkable increase in-the release of AVP and OXT due to the elevation of the K+ concentration in the superfusion medium. This finding suggested that the isolated HHC still retained the characteristics of excitable tissue and might release AVP and OXT in membrane depolarization.
Plasma osmolality was proved to be one of the most potent physiological factors in regulating the release of AVP (Verney, 1947) . Recent in vivo and in vitro studies suggested that the cholinergic neural mechanism, especially a nicotinic one was involved in the release of AVP (Sladek and Knigge, 1977) . The isolated HHC in our system released an increased amount of AVP in the hypertonic and the cholinergic stimulation. This means that the isolated HHC still kept the physiological responsiveness of neurosecretory neurons.
Compared with studies of the release mechanism of AVP, the mechanism regulating the release of OXT has not been studied extensively except for in vivo studies using lactating and puerperal animals, which suggested that the cholinergic mechanisms could be involved in the reflex release of OXT during suckling in the rat although it was not concluded whether the neural mechanisms contained a component of the nicotinic type, the muscarinic one or both (Kuhn and McCann, 1971; Clarke et al., 1978) . The isolated HHC in our superfusion system did not respond to 10-4 M acetylcholine. This contradiction might be due to the fact that the isolated tissue did not contain the cholinergic neural pathways to control the reflex release of OXT because the isolated HHC was not prepared from lactating and puerperal rats but male rats. Therefore, as to the involvement of neural mechanisms in regulation of the release of OXT, further investigations are needed to arrive at a conclusion. The effect of salt loading on the release of OXT was also reported by Balment et al. (Balment et al., 1980) who proved a positive correlation of plasma OXT concentration with plasma osmolality in the male rat. This observation was confined by the present finding that the isolated HHC in the superfusion system responded sensitively to the stimulation of hypertonic medium.
The nature of the mechanism of alcoholinduced diuresis had been reported to be similar to that of water diuresis (Murray, 1932) and ethanol-induced diuresis to be inhibited by ingestion of pituitary extract, suggesting that ethanol inhibited the posterior hypophyseal function (Eggleton, 1942) . In 1951, Strauss and coworkers proved that ethanol-induced diuresis was not derived by an increase in glomerular filtration rate but by a decreased tubular reabsorption of water and indicated that this type of diuresis was probably caused by a decreased AVP effect (Strauss et al., 1951) . Furthermore, they pointed out that ethanol is more likely to affect the release of AVP in the posterior pituitary rather than the AVP action in kidney, because ethanol does not inhibit the action of exogenous AVP. Our present finding that 1.75 and 2.5% ethanol inhibited the release of AVP from the HHC sample proved that ethanol-induced diuresis can be derived from the direct suppression of AVP release by ethanol.
In 1966, Fuchs reported that intravenous administration of ethanol to parturient rabbit disturbed typical contraction of the uterus and delayed labor (Fuchs, 1966) and an intraperitoneal injection of ethanol into lactating rats caused an almost complete inhibition of milk production (Fuchs, 1966) . Furthermore, she observed that when a woman in childbed on the first puerperal day drank 100ml of brandy the vermicular contraction of her uterus during suckling was strongly suppressed (Fuchs and Wagner, 1963) . From these findings she supposed that ethanol probably inhibited the release of OXT from the posterior pituitary. This speculation was also proved by our present finding that 1.75 and 2.5% ethanol inhibited the release of OXT from the HHC sample.
The increase in the release of AVP and OXT caused by the higher concentration of ethanol is curious but clinically interesting. This phenomenon seemed to be not derived from the degeneration of the HHC by the higher concentration of ethanol, because the tissue sample still responded sensitively to the high K+ concentration after ethanol was removed from the medium. A high concentration of plasma AVP was observed occasionally in patients with acute alcohol intoxication and hangover (Linkola et al., 1978) . Furthermore, central pontine myelinolysis observed on alcohol withdrawal is thought to be derived from rapid correction of severe hyponatremia with a saline of high osmolality (Victor and Laureno, 1978) . The severe hyponatremia in alcohol withdrawal is interpreted as the syndrome of inappropriate secretion of antidiuretic hormone (SIADH), which can be caused by interrupting continuous intake of a large amount of alcohol (Messert et al., 1979 Laureno, 1983 . Further studies are needed to elucidate the mechanism of the effect of ethanol on the release of AVP and OXT from the posterior pituitary.
